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Abstract
Measurements of the Yukawa couplings of the recently discovered boson h to fermion pairs will provide
a new arena for studying flavor physics. We analyze the lessons that can be learned by measuring the
h decay rates into the charged lepton pairs, τ+τ−, µ+µ− and τ±µ∓. We demonstrate how this set
of measurements can distinguish in principle between various classes of flavor models such as natural
flavor conservation, minimal flavor violation, and Froggatt-Nielsen symmetry.
1 Introduction
A Higgs-like boson h has been discovered by the ATLAS and CMS experiments at the LHC [1, 2]. The
fact that for the f = γγ and f = ZZ∗ final states, the experiments measure
Rf ≡ σ(pp→ h)BR(h→ f)
[σ(pp→ h)BR(h→ f)]SM , (1)
of order one (see e.g. [3]),
RZZ∗ = 1.0± 0.4, (2)
Rγγ = 1.6± 0.3, (3)
is suggestive that the h-production via gluon-gluon fusion proceeds at a rate similar to the Standard Model
(SM) prediction. ATLAS finds the ratio of the gluon-gluon coupling to the higgs-like particle normalized
to the SM value to be 1.1+1.4−0.2 [4]. This gives a strong indication that Yt, the htt¯ Yukawa coupling, is of
order one. This first determination of Yt signifies a new arena for the exploration of flavor physics.
In the future, measurements of Rbb¯ and Rτ+τ− will allow us to extract additional flavor parameters:
Yb, the hbb¯ Yukawa coupling, and Yτ , the hτ
+τ− Yukawa coupling. For the latter, the current allowed
range, obtained from combining the ATLAS [5] and CMS [6] results, is already quite restrictive:
Rτ+τ− = 0.7± 0.4. (4)
It may well be that the values of Yb and/or Yτ will deviate from their SM values. The most likely
explanation of such deviations will be that there are more than one Higgs doublets, and that the doublet(s)
that couple to the down and charged lepton sectors are not the same as the one that couples to the up
sector.
A more significant test of our understanding of flavor physics, which might provide a window into new
flavor physics, will come further in the future, when Rµ+µ− is measured. The ratio
Xµ+µ− ≡
BR(h→ µ+µ−)
BR(h→ τ+τ−) , (5)
is predicted within the SM with impressive theoretical cleanliness. To leading order, it is given byXµ+µ− =
m2µ/m
2
τ , and the corrections of order αW and of order m
2
µ/m
2
τ to this leading result are known (see Eq.
(14) below). The main question that we analyze in this work is what can be learned from a test of this
relation.
It is also possible to search for the SM-forbidden decay modes, h→ µ±τ∓, see e.g. [7, 8, 9, 10, 11, 12,
13, 14, 15, 16]. A measurement of, or an upper bound on
Xµτ ≡ BR(h→ µ
+τ−) + BR(h→ µ−τ+)
BR(h→ τ+τ−) , (6)
would provide additional information relevant to flavor physics. Thus, a broader goal of this work is to
understand the implications for flavor physics of measurements of Rτ+τ− , Xµ+µ− and Xµτ .
The plan of this paper is as follows. In Section 2 we review the SM prediction for Xµ+µ− . The
experimental constraints on the leptonic Yukawa couplings are presented in Section 3, first from indirect
(loop) measurements (subsection 3.1), and then from collider searches (subsection 3.2). To demonstrate
the power of measuring Rτ+τ− , Xµ+µ− , and Xτµ in probing flavor models, we obtain the predictions
of four different models of new physics for these observables: multi-Higgs doublet models with natural
flavor conservation (Section 4), a single-Higgs model with non-renormalizable terms that are subject to
the principle of minimal flavor violation (Section 5) or to selection rules from a Froggatt-Nielsen symmetry
(Section 6), and a model where the hierarchy in the Yukawa couplings comes from their Higgs dependence
(Section 7). We conclude in Section 8.
1
2 SM predictions
The calculation of the Higgs decay rates into dileptons is rather accurate. Ref. [17] estimates at the 1−2%
level the uncertainty on the decay rates from missing higher orders. What is measured, however, are
branching ratios (times production rates). These are affected by the uncertainties on the leading decay
modes, particularly h→ bb¯ and h→ cc¯, which involve the parametric uncertainties in αs, mc, mb and mt.
For mh = 125.5 GeV, Ref. [17] quotes
BR(h→ τ+τ−) = 6.24× 10−2 × (1.000± 0.057),
BR(h→ µ+µ−) = 2.17× 10−4 × (1.000± 0.059), (7)
where the leading uncertainties are parametric. When we take the ratio of the two branching ratios,
however, it equals the ratio between the decay rates, and these parametric uncertainties are irrelevant.
(In addition, the production rates cancel out.) What is left are the mℓ-dependent correction terms to the
rates.
As concerns the uncertainties in the lepton masses, we have [18]
mτ = 1776.82± 0.16 MeV,
mµ = 105.6583715± 0.0000035 MeV. (8)
Thus, the parametric uncertainty in the leading order relation, Xµ+µ− = (mµ/mτ )
2, comes from the
uncertainty on mτ and is of order 2× 10−4.
Within the SM, in lowest order,
ΓLO(h→ ℓ+ℓ−) = GFmh
4
√
2π
m2ℓβ
3
ℓ , (9)
where
βℓ = (1− 4m2ℓ/m2h)1/2. (10)
The electroweak correction is approximated by [19, 20, 21, 22, 23]
Γ(h→ ℓ+ℓ−) = ΓLO (1 + δℓQED) (1 + δℓweak) , (11)
with
δℓQED =
3α
2π
(
3
2
− log m
2
h
m2ℓ
)
,
δℓweak =
GF
8π2
√
2
[
7m2t +m
2
W
(
−5 + 3 log c
2
W
s2W
)
−m2Z
6(1− 8s2W + 16s4W )− 1
2
]
. (12)
In the ratio Xµ+µ− the weak corrections cancel out. The non-universal corrections that we do not include
are of order (α/π)(m2τ − m2µ)/m2h ∼ 10−6, smaller than the phase space factor by α, and smaller than
those included in δℓQED by m
2
ℓ/m
2
h.
Thus, for the ratio, we obtain
Xµ+µ− =
m2µ
m2τ
β3µ
β3τ
1 + δµQED
1 + δτQED
. (13)
Expanding to leading order in m2ℓ/m
2
h, we find
Xµ+µ− =
m2µ
m2τ
[
1 +
6(m2τ −m2µ)
m2h
− 3α
2π
log
m2τ
m2µ
]
. (14)
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Given mh = 125.5 GeV, and mµ,τ of Eq. (8), the value of the phase space factor is
6(m2τ −m2µ)
m2h
= +0.0012. (15)
Using, in addition, α = 1/137.0359997, the value of the electroweak correction factor is
− 3α
2π
log
m2τ
m2µ
= −0.020. (16)
Thus, the phase space factor is of order one permil, while the electroweak correction factor is of order two
percent.
The running lepton masses mℓ(µ) are related to the pole mass mℓ via [25]
mℓ(µ) = mℓ
{
1− α(µ)
π
[
1 +
3
2
ln
µ
mℓ(µ)
]}
. (17)
Thus,
mµ(mh)
mτ (mh)
=
mµ
mτ
(
1− 3α(µ)
2π
ln
mτ
mµ
)
. (18)
We learn that the electroweak correction (16) can be absorbed by changing from the pole masses to the
running masses, i.e.
Xµ+µ− =
[
mµ(mh)
mτ (mh)
]2 [
1 +
6(m2τ −m2µ)
m2h
]
. (19)
In the above discussion of corrections to the rates, Eq. (12), and thus to Xµ+µ− , Eq. (19), we have
implicitly assumed that the measured rates to µ+µ− and τ+τ− are fully inclusive of bremmstrahlung
radiation. In practice, experimental cuts on real photon emission are likely to be applied, introducing an
important correction factor for each mode compared to the fully inclusive rates. This correction factor can
be large, potentially of order ∼ 10% (see e.g. [24] for the effect of soft photon radiation on the B → µ+µ−
decay), and can be different for the muon and tau modes, and might be above the other subleading
corrections presented above. The precise evaluation of this effect is beyond the scope of this paper, and
will be explored in future work.
Finally, we quote the value of the relevant Yukawa couplings in the SM:
Y SMτ = 1× 10−2,
Y SMµ = 6× 10−4,
Y SMµτ = Y
SM
τµ = 0. (20)
The SM predictions for the Higgs decays into lepton pairs are presented in the SM row in Table 1. For
simplicity of presentation we write in the Table XSMµ+µ− = m
2
µ/m
2
τ instead of the more exact expression of
Eq. (19).
3 Bounds on Yukawa couplings
We consider the following mass basis Lagrangian:
LY = −miℓ¯iLℓiR −
Yij√
2
ℓ¯iLℓ
j
Rh+ h.c. , i, j = e, µ, τ . (21)
Our convention is such that within the SM, Yij = δij
√
2mi/v and v = 246 GeV. We henceforth denote
the diagonal couplings Yii as Yi.
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Table 1: Predictions for Rτ+τ− , Xµ+µ− , Xµ±τ∓
Model
(
σ(pp→h)SM
σ(pp→h)
Γtot
ΓSMtot
)
Rτ+τ− Xµ+µ−/(m
2
µ/m
2
τ ) Xµτ
SM 1 1 0
NFC (V ∗hℓv/vℓ)
2 1 0
MSSM (sinα/ cosβ)2 1 0
MFV 1 + 2av2/Λ2 1− 4bm2τ/Λ2 0
FN 1 +O(v2/Λ2) 1 +O(v2/Λ2) O(|U23|2v4/Λ4)
GL 9 25/9 O(Xµ+µ−)
3.1 Indirect constraints
In this subsection we describe the constraints on the leptonic Yukawa couplings from various loop processes:
charged lepton radiative decays and decays into three charged leptons, and the electric and magnetic
moments of the electron and the muon. Ref. [13] obtains upper bounds on the off-diagonal Yij assuming
that the diagonal ones assume their SM values. We restore the dependence of these constraints on the
diagonal couplings, and present the upper bounds on the various couplings in Table 2. All experimental
bounds are taken from Ref. [18]. Note that our couplings convention differs from that of [13], (Yij)
HKZ =
Yij/
√
2.
In the µ → eγ, τ → eγ and τ → µγ processes, we have included both the one- and the two-loop
contributions. We define the following ratios, related to the respective contributions:
rℓ ≡
(
mτ
mℓ
) 12(−0.082 Yt√
2
+ 0.11
)
(
−4 + 3 log m2h
m2
ℓ
) m2h
(125GeV)2
, ℓ = τ, µ , (22)
and
rij ≡ Yi
Y ∗j +
√
2rj
, αij ≡
−4 + 3 log m2h
m2
i
−4 + 3 log m2h
m2
j
, i, j = e, µ, τ . (23)
Using Yt = (Yt)SM =
√
2m¯t/v ≈ 0.95 (with m¯t = 164 GeV the top mass in the MS renormalization
scheme), one obtains rµ ≈ 0.27 and rτ ≈ 0.03. Numerically, αµτ ≈ 1.76, αeτ ≈ 3.3, αeµ ≈ 1.9, and in the
SM rSMµτ ≈ 0.01, rSMeτ ≈ 5× 10−5, and rSMeµ ≈ 1× 10−4. The following bounds hold:
τ → µγ : |Yτ +
√
2rτ |
√
(|Yτµ|2 + |Yµτ |2)(1 + |αµτ |2|rµτ |2) + 4αµτRe[rµτY ∗τµY ∗µτ ] < 1.2× 10−3
τ → eγ : |Yτ +
√
2rτ |
√
(|Yτe|2 + |Yeτ |2)(1 + |αeτ |2|reτ |2) + 4αeτRe[reτY ∗τeY ∗eτ ] < 1.1× 10−3
µ→ eγ : |Yµ +
√
2rµ|
√
(|Yµe|2 + |Yeµ|2)(1 + |αeµ|2|reµ|2) + 4αeµRe[reµY ∗µeY ∗eµ] < 1.9× 10−6 .
(24)
In the SM, the |αij |2|rij |2 term is at most O(10−4) and completely negligible. The αijrij term is of order
∼ 0.1 for τ → µγ and less than a permil for τ → eγ and µ→ eγ, and thus subdominant. In contrast, the
two-loop effect, manifested in the presence of rµ and rτ , dominates over the one loop effect in τ → µγ and
µ→ eγ, and in τ → eγ both one- and two-loop effects give comparable contributions. In Table 2 we keep
simplified expressions, obtained in the rij → 0 limit. The processes µ → 3e, τ → 3µ and τ → 3e or eµµ
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Table 2: Upper bounds on various Yukawa couplings
Process Yukawa couplings Upper bound
µ→ eγ |Yµ +
√
2 rµ|
√|Yµe|2 + |Yeµ|2 1.9× 10−6
τ → eγ |Yτ +
√
2 rτ |
√
|Yτe|2 + |Yeτ |2 1.1× 10−3
τ → µγ |Yτ +
√
2 rτ |
√|Yτµ|2 + |Yµτ |2 1.2× 10−3
(g − 2)e Re(YµeYeµ) −0.040...0.055
(g − 2)e Re(YτeYeτ ) [−4.3...5.8]× 10−3
(g − 2)µ Re(YτµYµτ ) (5.7± 1.6)× 10−3
(g − 2)µ Re(Y 2µ ) (5.2± 1.4)× 10−2
de |Im(YτeYeτ )| 2.2× 10−8
de |Im(YµeYeµ)| 2.0× 10−7
de |Im(Y 2e )| 2.2× 10−5
place bounds on the same combinations of Yukawa couplings as µ→ eγ, τ → eγ and τ → µγ respectively.
The bounds from the decays into three leptons are weaker by about an order of magnitude than those
from the corresponding radiative decays. In Table 2 we quote the strongest among these bounds.
As concerns aµ = (g − 2)µ, the entry in the Table assumes that the discrepancy between the SM
calculation and the experimental result [26] is accounted for by the respective h-related contribution:
ahµ =
Re(Y 2µ )
16π2
m2µ
m2h
(
log
m2h
m2µ
− 7
6
)
+
Re(YµτYτµ)
16π2
mµmτ
m2h
(
log
m2h
m2τ
− 3
2
)
+
Re(YµeYeµ)
16π2
mµme
m2h
(
log
m2h
m2e
− 3
2
)
. (25)
Hence, in the corresponding entries we quote ranges, rather than an upper bound. If treated as upper
bounds, and if diagonal Yukawa couplings are assumed to be not much smaller than their SM values, we
have √
Re(Y 2µ ) ∼< 0.2, (26)√
Re(YµτYτµ)| ∼< 0.07. (27)
An expression similar to Eq. (25) holds for (g − 2)e with the appropriate Yukawa coupling replacements.
Note that we do not quote (g − 2)µ and (g − 2)e as bounding Re(YµeYeµ) and Re(Y 2e ) respectively, since
the resulting bounds are O(1).
The imaginary parts of the various Yukawa couplings are constrained by experimental bounds on the
muon and electron electric dipole moments. For example, the contribution to the electron electric dipole
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moment arising from one-loop processes with an internal tau, muon and electron is:
de = − Im(Y
2
e )
32π2
eme
m2h
(
log
m2h
m2e
− 7
6
)
− Im(YτeYeτ )
32π2
emτ
m2h
(
log
m2h
m2τ
− 3
2
)
− Im(YµeYeµ)
32π2
emµ
m2h
(
log
m2h
m2µ
− 3
2
)
. (28)
The resulting bounds are quoted in Table 2. Note that we do not quote the corresponding bounds on
Im (YτµYµτ ), Im
(
Y 2µ
)
and Im (YµeYeµ) from the dµ measurements since they are of order O(1) or weaker.
3.2 Direct searches
We now describe the current experimental status and future prospects at the LHC regarding measurements
of the Yukawa couplings of the lepton sector.
At ATLAS and CMS, the search for a SM higgs decaying to ττ is divided into 3 channels according
to the τ decays: fully hadronic (‘hadhad’), semi-leptonic (‘lephad’) and fully leptonic (‘leplep’). Although
the τ decays mainly hadronically, with a branching fraction of ∼ 65%, the hadronic channel suffers from
τ reconstruction problems. The leptonic decay is suppressed compared to the hadronic one, and is also
accompanied by more MET due to the presence of more neutrinos, making the mass reconstruction harder
(and increasing difficulty with increased peak luminosity). The presence of all channels in the analysis
is important due to their various strengths and weaknesses. Each channel, characterized by the decay
mode, includes several categories according to the production mechanism. The largest cross section is for
gluon-gluon fusion (ggF), but the clear topology of the vector-boson fusion (VBF) production mode, of
two forward jets, favors this category. Combining all production categories, in Table 3 we present the
current experimental status in ATLAS [5] and CMS [6] of the ττ search on the production cross section
times branching ratio normalized to the SM.
In the dimuon channel, until recently, a search for h → µµ was only done within the MSSM neutral
Higgs searches at ATLAS [27] and CMS [28]. Although this channel can be fully reconstructed, the small
branching fraction of O(10−4) disfavored this channel in the SM searches. (For early work on this search,
see [29, 30].) The discovery of the Higgs-like boson has triggered searches for h → µµ, focusing on the
inclusive search using background modeling along the lines of the h→ γγ search. In Table 3 we present the
current bounds on the production cross section times branching ratio in the dimuon channel, normalized
to the SM. In interpreting the results of [27, 28] we use the SM production cross section and branching
ratios for a 125 GeV Higgs [31]. In the near future, the analysis can benefit from specific searches in the
different categories such as ggF, VBF and associated production (VH).
These results from direct LHC searches place an upper bound on Yτ , and an upper bound on Yµ
stronger than Eq. (26):
|Yτ | ∼< 1.3 Y SMτ ≈ 1.3× 10−2 ,
|Yµ| ∼< 5.5 Y SMµ ≈ 3.3× 10−3 . (29)
Next we estimate the future prospects for the h→ ττ and h→ µµ search channels. We use the results
of [32] for these two channels to estimate how strong the expected 95% CL upper limit on Rτ+τ− and
Rµ+µ− will be in the absence of a signal as well as to learn at what luminosity discovery in these channels
will be possible.
Ref. [32] quotes for
√
s = 14 TeV with L0 = 300 fb−1
(∆R/RSM)µ+µ− (@L0) = 0.52 ,
(∆R/RSM)τ+τ− (@L0) = 0.15 . (30)
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Table 3: Current upper bounds at 95% CL on Rτ+τ− and Rµ+µ− at ATLAS and CMS.
Channel
√
s Collected data Current bound
[TeV] [fb−1]
ττ hadhad 7+8 4.6+13 2.6 [5]
ττ lephad 7+8 4.6+13 2.0 [5]
ττ leplep 7+8 4.6+13 5.7 [5]
ττ combined 7+8 4.6+13 1.9 [5]
7+8 17 1.63 [6]
µµ 7 4.7-4.8 30 [27]
7 4.96 34 [28]
(The result for the ττ channel includes the results at 300 fb−1 that are extrapolated from all the 7+8 TeV
ττ searches.) In the absence of a signal, these approximately translate to 95% CL upper limits on RX :
Rµ+µ− ∼< 1 ,
Rτ+τ− ∼< 0.3 . (31)
The square root of this gives the expected upper limit at 95% CL at 14 TeV with 300 fb−1 on the relevant
Yukawa couplings:
|Yµ| ∼< Y SMµ ≈ 6× 10−4 ,
|Yτ | ∼< 0.54 Y SMτ ≈ 5.5× 10−3 . (32)
In addition, the precision of the measurement of the ratio Xµ+µ− is expected to approach 60%.
Alternatively, we can ask how much integrated luminosity L1 at 14 TeV is required so that a signal
that is at least 3σ away from zero is observed. Assuming the error bars in each channel are dominantly
due to statistics, we scale the results of [32] by
√
L0
L1 (∆R/R)0 = 1/3, where (∆R/R)0 ≡ (∆R/R)(@L0).
We then find that L1 ≈ 60 fb−1 in the ττ channel suffices for discovery, while in the µµ channel one
needs ∼ 750 fb−1.
4 Multi Higgs Doublet Models with NFC
Consider a multi Higgs doublet model (MHDM), where only one of the doublets couples to the charged
lepton sector. Such a feature within the framework of MHDM’s is known as natural flavor conservation
(NFC) [33, 34]. For simplicity we consider here NFC with renormalizable couplings and at tree level
only, and reserve a more complete study to future work. Let us denote the scalar doublet that couples to
the charged leptons as φℓ, and its VEV by vℓ. The scalar mass eigenstate h that has been observed at
ATLAS/CMS is some combination of the neutral components of all scalar doublets:
h =
∑
i
Vhiφ
0
i , (33)
where
∑
i |Vhi|2 = 1. Then, the couplings of h to charged lepton pairs is given by
Yij = V
∗
hℓδij
√
2mi/vℓ. (34)
We learn the following points about the Higgs-related lepton flavor parameters in this class of models:
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1. h has no flavor off-diagonal couplings:
Yµτ , Yτµ = 0. (35)
2. The values of the diagonal couplings deviate from their SM values, for example,
Yτ =
V ∗hℓv
vℓ
√
2mτ
v
. (36)
The second factor on the RHS is the SM tau-Yukawa coupling, while the first factor is a lepton flavor
universal coefficient. In the two Higgs doublet model (2HDM) of type II (for a review, see [35]) and,
in particular, in the minimal supersymmetric standard model (MSSM) at tree level, Eq. (36) assumes
the familiar form,
Yτ = − (sinα/ cosβ) Y SMτ . (37)
Radiative corrections due to supersymmetric particles are known and are in general small.
3. The ratio between the Yukawa couplings to different charged lepton flavor is the same as in the SM:
Yµ/Yτ = mµ/mτ . (38)
We conclude that if experiments establish Xµ±τ∓ 6= 0 and/or Xµ+µ− 6= (mµ/mτ )2, NFC will be
excluded. On the other hand, if experiments find no evidence for flavor off-diagonal h decays, and establish
that Xµ+µ− is close to its SM value, while Rτ+τ− 6= 1, the idea of NFC will be strongly supported. These
conclusions are presented in the NFC row of Table 1. The MSSM is a specific model within this framework.
Its predictions are presented in the MSSM row of this Table.
5 A Single Higgs Doublet with MFV
With a single Higgs, Yij 6=
√
2mi
v δij is a consequence of higher-dimensional operators. The leading ones
are the d = 6 terms. In the interaction basis, we have
Ld=4Y = −λijLiEjφ+ h.c., (39)
Ld=6Y = −
λ′ij
Λ2
LiEjφ(φ
†φ) + h.c. ,
where L and E stand for SU(2) doublet- and singlet-leptons respectively, and expanding around the
vacuum we have φ = (v + h)/
√
2. Defining VL,R via
√
2m = VL
(
λ+
v2
2Λ2
λ′
)
V †Rv, (40)
where m = diag(me,mµ,mτ ), and defining λˆ via
λˆ = VLλ
′V †R, (41)
we obtain
Yij =
√
2mi
v
δij +
v2
Λ2
λˆij . (42)
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To proceed, one has to make assumptions about the structure of λˆ. In what follows, we adopt the
assumption of minimal flavor violation (MFV) [36].
MFV requires that the leptonic part of the Lagrangian is invariant under an SU(3)L × SU(3)E global
symmetry, with the left-handed lepton doublets transforming as (3, 1), the right-handed charged lepton
singlets transforming as (1, 3) and the charged lepton Yukawa matrix Y is a spurion transforming as (3, 3¯).
Specifically, MFV means that, in Eq. (39),
λ′ = aλ+ bλλ†λ+O(λ5), (43)
where a and b are numbers. Note that, if VL and VR are the diagonalizing matrices for λ, VLλV
†
R = λ
diag,
then they are also the diagonalizing matrices for λλ†λ, VLλλ†λV
†
R = (λ
diag)3. Then, Eqs. (40), (41) and
(42) become
√
2m
v
=
(
1 +
av2
2Λ2
)
λdiag +
bv2
2Λ2
(λdiag)3,
λˆ = aλdiag + b(λdiag)3 = a
√
2m
v
+
2
√
2bm3
v3
,
Yij =
√
2mi
v
δij
[
1 +
av2
Λ2
+
2bm2i
Λ2
]
, (44)
where, in the expressions for λˆ and Y , we included only the leading universal and leading non-universal
corrections to the SM relations.
We learn the following points about the Higgs-related lepton flavor parameters in this class of models:
1. h has no flavor off-diagonal couplings:
Yµτ , Yτµ = 0. (45)
2. The values of the diagonal couplings deviate from their SM values. The deviation is small, of order
v2/Λ2:
Yτ ≈
(
1 +
av2
Λ2
) √
2mτ
v
. (46)
3. The ratio between the Yukawa couplings to different charged lepton flavors deviates from its SM
value. The deviation is, however, very small, of order m2ℓ/Λ
2:
Yµ
Yτ
=
mµ
mτ
(
1− 2b(m
2
τ −m2µ)
Λ2
)
. (47)
The predictions of the SM with MFV non-renormalizable terms are given in the MFV row of Table 1.
6 A Single Higgs Doublet with FN
An attractive explanation of the smallness and hierarchy in the Yukawa couplings is provided by the
Froggatt-Nielsen (FN) mechanism [37]. In this framework, a U(1)H symmetry, under which different
generations carry different charges, is broken by a small parameter ǫH . Without loss of generality, ǫH is
taken to be a spurion of charge −1. Then, various entries in the Yukawa mass matrices are suppressed by
different powers of ǫH , leading to smallness and hierarchy.
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Specifically for the leptonic Yukawa matrix, taking h to be neutral under U(1)H , H(h) = 0, we have
λij ∝ ǫH(Ej)−H(Li)H . (48)
We emphasize that the FN mechanism dictates only the parametric suppression. Each entry has an
arbitrary order one coefficient. The resulting parametric suppression of the masses and leptonic mixing
angles is given by [38]
mℓi/v ∼ ǫH(Ei)−H(Li)H , |Uij | ∼ ǫH(Lj)−H(Li)H . (49)
Since H(φ†φ) = 0, the entries of the matrix λ′ have the same parametric suppression as the corre-
sponding entries in λ [39], though the order one coefficients are different:
λ′ij = O(1)× λij . (50)
This structure allows us to estimate the entries of λˆij in terms of physical observables:
λˆ33 ∼ mτ/v,
λˆ22 ∼ mµ/v,
λˆ23 ∼ |U23|(mτ/v),
λˆ32 ∼ (mµ/v)/|U23|. (51)
We learn the following points about the Higgs-related lepton flavor parameters in this class of models:
1. h has flavor off-diagonal couplings:
Yµτ = O
( |U23|vmτ
Λ2
)
,
Yτµ = O
(
vmµ
|U23|Λ2
)
. (52)
2. The values of the diagonal couplings deviate from their SM values:
Yτ ≈
√
2mτ
v
[
1 +O
(
v2
Λ2
)]
. (53)
3. The ratio between the Yukawa couplings to different charged lepton flavors deviates from its SM
value:
Yµ
Yτ
=
mµ
mτ
[
1 +O
(
v2
Λ2
)]
. (54)
The predictions of the SM with non-renormalizable terms whose flavor structure is dictated by the FN
mechanism are given in the FN row of Table 1.
7 Higgs-dependent Yukawa couplings
It is possible, in principle, to relate the hierarchy in the charged fermion masses to a scenario where
all renormalizable Yukawa couplings, except Yt, vanish, but non-renormalizable terms generate the other
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Yukawa couplings suppressed by various powers of (φ†φ/Λ2) [40]. In particular, for the two heavier
generations of charged leptons, we have
L ⊃ −λ
′
33
Λ2
L3E3φ(φ
†φ) − λ
′
23
Λ2
L2E3φ(φ
†φ) − λ
′′
22
Λ4
L2E2φ(φ
†φ)2 − λ
′′
32
Λ4
L3E2φ(φ
†φ)2 + h.c. (55)
The powers of the diagonal terms are proposed in Ref. [40] in correspondence to the charged lepton masses
(with v2/Λ2 ≃ 1/60), while the off-diagonal terms are our own ansatz, inspired by the value of |U23|.
We learn the following points about the Higgs-related lepton flavor parameters in this class of models:
1. h has flavor off-diagonal couplings:
Yτµ = O(Yµ) ,
Yµτ
Yτµ
=
mµ
mτ
. (56)
2. The values of the diagonal couplings are larger by a large factor than their SM values:
Yτ ≃ 3
√
2mτ
v
, Yµ ≃ 5
√
2mµ
v
(57)
3. The ratio between the Yukawa couplings to different charged lepton flavors is larger than its SM
value:
Yµ
Yτ
≃ 5
3
mµ
mτ
. (58)
The predictions of the SM with these Higgs-dependent Yukawa couplings are given in the GL row of
Table 1. Rτ+τ− is only mildly enhanced (Rτ+τ− ∼ 1.4) relative to the strong enhancement of |Yτ |2 due
to the corresponding enhancements of |Yb|2 and |Yc|2. The model is excluded because it predicts a strong
suppression of RZZ∗ and Rγγ which is inconsistent with collider measurements. This demonstrates the
power of these measurements to exclude flavor models.
8 Discussion and Conclusions
The discovery of a Higgs-like boson at the ATLAS and CMS experiments signals a new era, where the
interplay between flavor physics and the physics of electroweak symmetry breaking will be explored for
the first time. In this work, we demonstrate the power of various relevant measurements to improve our
understanding of both the flavor sector and the electroweak breaking sector.
From the experimental side, we focus on measurements of various dilepton Higgs decay modes: τ+τ−,
µ+µ−, τ±µ∓. From the theoretical side, we select a few attractive models of the Higgs sector: the Standard
Model, two Higgs doublet models with natural flavor conservation, and the Standard Model supplemented
with non-renormalizable terms whose structure is either minimally flavor violating or subject to selection
rules from a Froggatt-Nielsen mechanism. (In addition, we describe a model of Higgs-dependent Yukawa
couplings that is already excluded by the Higgs data.)
Our results are summarized in Table 1 which shows that, in principle, these four frameworks can
be distinguished by the measurements of the dilepton decays. Deviation of BR(h → ττ) from the
SM (Rτ+τ− 6= 1), accompanied with consistency of BR(h → µ+µ−)/BR(h → τ+τ−) with the SM
(Xµ+µ− = m
2
µ/m
2
τ) and the absence of flavor changing decays (Xτµ = 0) will be suggestive of natural flavor
conservation. Violation of Rτ+τ− = 1, a small violation of Xµ+µ− = m
2
µ/m
2
τ , and Xτµ = 0, will be sug-
gestive of minimal lepton flavor violation. Comparable deviations from Rτ+τ− = 1 and Xµ+µ− = m
2
µ/m
2
τ
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and observation of small but finite rate for h → τµ would suggest a less restrictive but still structured
framework, such as the FN mechanism.
The various models that we analyzed show that, qualitatively, different flavor models make different
predictions for the various flavor-related Higgs features. A more quantitative analysis, where we compare
the experimental accuracy that can be hoped for with the size of effects expected in the various theoretical
models, is in progress. We will also extend our work to additional new physics models, with potentially
sizable effects, and to calculation of new physics loop effects on the Higgs decay rates into dileptons.
We are entering a new era of measuring the couplings of the newly discovered boson h. The interplay
between flavor physics and the physics of electroweak symmetry breaking will provide an opportunity to
achieve better understanding of both.
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